ABSTRACT Harvest potential, relative abundance, and geographic and bathymetric distribution are discussed for the red crab, Chaceon quinquedens, in the northcentral Gulf of Mexico. Harvest potential is expressed as the number of trapable crabs present on fishing grounds defined as depths ranging from 677 m to 1043 m between 87.5O and 88.5OW longitude. Using various estimates of the effective fiihing area (€PA) of a trap, the number oftrapableredcrabsonthefishinggroundsrangedfrom 3 . 7~ 10sto 1 0 . 7~ lo6. Estimatesofcrabnumberssuggest there is a potential for commercial harvest in the northcentral Gulf of Mexico, east of the Mississippi River.
INTRODUCTION
Deep-water crabs of the family Geryonidae are distributed worldwide. Manning and Holthuis (1989) revised the family to include two new genera and nine new species. The majority of geryonid species were placed in the genus Chuceon. The genus Geryon was restricted to two species, G. longipes and G. trispinosus, both from the northeastem Atlantic Ocean. Deep-water fisheries for geryonid crabs are conducted along both sides of the Atlantic Ocean. Eastem Atlantic fisheries for C. marifae exist off Namibia in southwest Africa (Melville-Smith 1988) , andcommercially exploitable quantities of C. muritue are found off the Ivory Coast, Congo, and Angola (Beyers and Wilke 1980) . In the westem Atlantic, a fishery for C. quinquedens was initiatedinthenortheastemunited States in 1973 and 1974 (GanzandHerrmann 1975 . In 1980,the catch from this fishery was 2500 metric tons (Lux et al. 1982) . Other western Atlantic species of Chaceon supporting limitedcommercial fisheries include C. inghumi off Bermuda (Luckhurst 1986; Manning and Holthuis 1986) and Cfenneri off Fort Lauderdale, Florida (Erdman and Blake 1988) .
Faunal surveys conducted by the National Marine Fisheries Service (MississippiLaboratories) and Pequegnat (1970) suggest that geryonid crabs are widely distributed throughout the Gulf of Mexico. Lockhart et al. (1990) identified seasonal, geographic, and bathymetric distribution of C. fenneri and C. quinquedens in the eastem Gulf of Mexico. Red crabs occurred across the geographic arc sampled, with overall population densities and relative proportion of females highest in the northcentral Gulf of Mexico. Distribution of red crabs in this study was not explained by bottom type, temperature, or interspecific competition, and it was suggested that observed distributional pattems of Chaceon in the eastem Gulf of Mexicomay betied toreproductivestrategies. Basedon the timing of larval release (Erdman and Blake 1988; Erdman et al. 1991; Perry et al. 1991 ) and the concentration of females in the northward portion of the study range, a causal role for the Loop Current in red crab population structure was proposed.
There has been considerable interest in fishing for deep sea crabs in the Gulf of Mexico. However, efforts at fishery development have been hampered by lack of information on areal and bathymetric distribution patterns and estimates of stock abundance. The present study addresses the distribution, abundance, and harvest potential of C. quinquedens in the northcentral Gulf of Mexico.
MATERIALS AND METHODS
This study was designed to establish the geographic and bathymetric limits of Chaceun speciesand to determine their relative abundance from 88' to 93OW longitude. Cruises were made in May and August 1989 onboard the Gulf Coast Research Laboratory's 29.7 m steel-hulled research vessel, the R/V Tummy Munru. Five areas (1, (6) (7) (8) (9) were selected for sampling ( Figure 1 , Table 1 ). Area 1 was also sampled by Lockhart et al. (1990) . Trap lines were deployed at three selected depths on the day of arrival in an area and were retrieved the following day. Sample depth was varied between the spring and summer cruises to cover bathymetric distributions of C.fenneri and C . quinquedens asreportedbyPequegnat(l970)andlockhartetal. (1990) .
Depths sampled in May were 494,677, and 860 m in all areas. In August, traps were set at 3 11,860, and 1043 m in all areas, with the exception of Area 1 where traps were set at860,1043,and 1830m. Thesinglesetat 1830minArea 1 was an exploratory set to examine the lower depth limit of red crabs and was not used in statistical analyses of catch data.
Sampling protocol was similar to that followed by Lockhart et al. (1990) with the exception that limited deck space necessitated use of the smaller, stackable FathomsPlus@ trap in addition to the Nielsen designed trap (l3dman and Blake 1988). Seven Fathoms-Plus@ plastic traps and a single Nielsen trap were fished at each depth within an area. Traps were baited with mixed fish (Peprilus burti, Gulfbutte~sh,Micropogunias undulatus, Atlantic croaker; Brevuurtiupatrunus, Gulf menhaden). Trap lines were set 0 Does not imply endorsement andmievedusing ahydraulic net reel with a 1.2 m by 1.5 m spool and stem-mounted hydraulic A-frame. Traps were attached to agroundline of 1.6 cm polypropylene, 732 m in length. Beckets were spliced at intervals of 92 m for attachment of mps fished on 2 m gangions. Anchors (23 kg) were attached at both ends of the groundline. A buoyline of 1.3 cm polydacron/nylon was deployed at one end of the trap line at a scope of 2.5 times the depth. Traps were set with the vessel under power during deployment of both groundline and buoyline to ensure proper spacing between traps along the predetermined depth contour. Fishing duration ranged from 18 to 22 hours.
On retrieval of the trap line, contents of each trap were separated into speciesandthecrabs were placedinnumbed baskets in chilled seawater. Sex and carapace width (mm) weredeterminedforallindividuals. Femaleswereexamined for presence of eggs or egg remnants, and egg mass color was noted. Bottom water temperatures were measured at each trap site with a reversing thermometer.
Theeffectivefshingareapertrap(EFA) wascalculated using themethod of Miller (1975) which assumed that each m p fished a circular area with a radius of one half the distance between adjacent traps. In calculations of EFA of a trap, it is assumed that all traps fish the same, i.e. that there are no significant differences (alpha = 0.05) among the catchhrap along the trap line. To test this hypothesis, the catcwtrap of all traps was statistically analyzed using oneway ANOVAandamultiplerangeangetest (Duncan'smed.lod ).
An estimate of the numkr of trapable crabs on the fishing grounds of the northcentral Gulf of Mexico was calculated using the formula provided by McElman and Elner (1982) : Fishing grounds were defiied using red crab distribution and abundance data from Lockhart et al. (1990) and the present study. Fishing grounds were located at depths from 677 to 1043 m between 87.5" and 88.5"W longitude and
Temperature

RESULTS
encompassed approximately 1200 h2.
Male to female abundance by trap set, catch/trap by depth, and catch/trap by season were statistically analyzed by apaired comparison of difference in abundance. Results are reported using a t-statistic with alpha set at 0.05.
Carapace width of males and females was compared using a two sample analysis of means assuming unequal Variances (t-test, alpha=0.05). Percent of catchof commercial size was determined for males and females by area.
Bottom water temperatures within depth strataranged from 11.4 to 12.7"C at 311 m, 8.0 to 8.8"C at 494 m, 6.4 to 7.2OC at 677 m, 5.6 to 6.0°C at 860 m, and 5.2 to 56°C at 1043 m. Temperature was not taken at the deepest depth sampled, 1830 m. Bottom water temperatures decreased with depth, and the range in temperature within a depth stratum narrowed with increasing depth. In May, for stations west of the Mississippi River, temperatures tended to increase from east to west within the 494 and 677 depth strata. Comparative seasonal data are available only for the 860 m sampling depth, and there was little difference in the temperature extremes between May f3.6 to 6.0°C) and August (5.8 to 6.0"C).
Distribution Studies
Carapace width (CW), sex, male to female ratio, and bathymetric distributions by area and season were recorded for C. quinquedens (Table 2) . Mean carapace width per trap set ranged from 109 to 140 mm for females and 95 to 143 mm for males. Smallest crabs occurred in deeper depths west of the Mississippi River in Areas 8 and 9.
Overall mean carapace width of males (128 mm) of males and61 % of females were2 1 14" CW. Combining all areas, 87% of the males and 63% of females were of commercial size, with 81% of all crabs 2 114 mm CW regardless of sex. Areas 1 and 9 produced 65% and 17% of the red crabs taken, respectively (Figure 3 ). Contribution to total catch was between 3% and 7% for all other areas (6-8).
Average catcWtrap set by sex at all areas, depths, and seasons in sets where crabs were caught was used to compare abundance of males versus females. There was a significant difference in the mean number of males to females per trap set (P = 0.02, t = 2.57 at 17 df). Mean number of males per trap set was 18.2, compared to 38.6 for females. The ratio of males to females varied from 0 1 .O to 1.032 among trap sets (Table 2) 
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than at 860m (Y= 1.6; P = 0.00, t = 4.61 at 7 df). The reverse was true for Area 9; there was a significantly higher catch/trap at 860 m than at 1043 m (P = 0.01, t = 3.90 at 7 d f ) . Mean catch/trap at 860 m was 9.6, compared to 3.9 crabs at 1043 m. CatcWtrap was used to compare seasonalityofcatchattheco"on~pthof860mateacharea No significant d i f f m c~ in mean catchhap were found at any area between May and August at 860 m.
Upper depth limit of red crabs west of the Mississippi River (Areas 6-9) was 860 m, compared to 677 m for crabs taken in Area 1, east of the River. Catches of a single crab at 494 m in Area 1 and at 677 m in Area 7 were considered solitary events and were not used in defining the observed upper depth limit.
Recent oviposition in C. quinquedens is indicated by the presence of orange egg masses; eggs become purpleblack prior to hatching (Haefner 1977) . Seventeen percent of all females collected in May were ovigerous, with either orange or brown egg masses. Egg remnants were recorded on the pleopods of 11 individuals. Ovigerous females collected in August comprised 18% of all females. Egg colors were predominantly brown, and no egg remnants were observed. Ovigerous females were more abundant at the shallower depths of their bathymGtric distribution (677 and 860 m). The size range of ovigerous females in August (95-135mmCW) wascompmble tothosecollectedduring May(100-1301~11CW). 0nei"ahJE female crab (64 mm CW) was taken at 860 m in May in Area 6.
A comparison among catcWtrap by trap number was performed withone-way ANOVAandamultiplerangetest (Duncan's method). These tests were applied over all areas, depths, and seasons in sets where crabs were caught. Themeancatchofendtraps(traps 1 and8)was7.0and9.6, respectively, compared to the mean catch of inner traps (traps2through7, Yrange=6.1 to 11.3). TheNielsentrap had the highest mean catch/trap (Y = 11.3) due to two high catches in Area 1. Statistically significant differences in mean catch were not found among crab traps (ANOVA). Catch was found to be homogeneous among traps (multiple range test). The WA/trap was calculated to be 6,647 m2. Based on the formulas of McElman and Elner (1982) and Miller (1975) , the estimated number of trapable red crabs was extrapolated to be 3.7 x lo6 on a calculated fishing ground of 1,200 kmz.
Chaceonfenneri was not abundant in the study area.
Golden crabs occurred in samples in May. Four specimens were taken in Area 6 (3 at 494 m, 1 at 677 m). Areas 7 and 
DISCUSSION
Bathymetric and Geographic Distribution
Previous reports of geryonid crabs in the Gulf of Mexico include references to two species. Data from trawl surveys contain records of C. quinquedens and C. afinis (NMFS, Mississippi Laboratories). Pequegnat (1970) recorded C. quinquedens in the northem Gulf of Mexico and in the Caribbean. With the recognition and description of C.fenneri from slope waters of the westem Atlantic and Gulf of Mexico, it is probable that early accounts of C. @nis from the eastem Gulf of Mexico are xeferable to C. fenneri (Manning and Holthuis 1984) . Otwell et al. (1984) found C.fenneri commonintheGulfof Mexicoat depthsranging from 384 to 641 m within latitudes 29'03' and 26'50' and longitudes 84'50' and 8 5 ' 3 2 ' .
Lockhart et al. (1990) described the distribution of red and golden crabs in the eastem Gulf of Mexico and noted that there were geographic and bathymetric differences in distribution and abundance. They found red crabs widely distributed in the eastem Gulf of Mexico at depths of 677m, their deepest sampling depth and the upper limit of red crab distribution. Highest concentrations were found in the northcentral Gulf of Mexico between 87.5 and 88.5' W longitude. A supplemental sample taken during their study found red crabs at 900 m in that area. Golden crabs were more restricted in geographic distribution, with abundance centeredinslope watersbelow28'Nlatitude. They occurred at all depths sampled, but were most abundant at the shallower depths (3 11 and 494 m). Golden crabs were not abundant in our study (n = 6); thus geographic and bathymetric data are limited. Based on our samples, the hown range of C.fenneri is extended to the westem Gulf of Mexico (92'12"W longitude). Bathymetric distribution of red crabs differed east and west of the Mississippi River. Red crabs were taken consistently at the 677 m sampling depth in the e a s t e m Gulf of Mexico. However, the upper depth limit for red crabs west of the Mississippi River was 860 m. Although there was a downward shift in bathymetric distribution west of the River and different depth strata were sampled in M a y and August, adifferential distributionby sex anddepthwas observed. While females outnumbered males at most depths sampled (two exceptions), the proportion of males to females increased at deeper depths. Approximately the same number of individuals were taken at the 860 and 1043 m sampling depths west of the River, indicating that deeper 
Commercial Potential
Area 1 produced 65 % of the red crabs taken during this study andis theonly areasampledthatshowedpotential for fishery development. Mean catcWtrap in Area 1 was similar at each depth stratum for May and August, with highest overall mean catcWtrap (23.8) occurring at 677 m in May (Tables 3 and 4) . Catchhap rates in this area compare favorably with those reported in the New England red crab fishery (Gam and H e n " 1975), particularly in light of the high percentage (81%) of market size crabs (2 114 mm CW) taken in this study. These rates are also comparable to the highest rates reported by Wenner et al. (1987) for golden crabs in the South Atlantic Bight off South Carolina.
Estimates of red crab population densities derived from trap studies were made by Stone and Bailey (1980) and McElman and Elner (1982) along the Scotian Shelf. Using a study area of 2767 hZ, Stone and Bailey (1980) projected population densities of 2.3 x lo6. McElman and Elner (1982) provided various population estimates for theirstudy areabasedonchanging WAS. Lowestestimates used an EFA of 4,100 mz to produce 2.8 x lo6 crabs. Highest population estimates were based on an EFA of 2300 m2 which produced an estimate of 5 x lo6 crabs. Because greater catches at end traps did not occur in their studies, these authors suggested that there was no overlap in fishing areain traps placed 54 m (StoneandBailey 1980) and62m apart (McElman and Elner 1982). They noted that density and biomass estimates wefe best based on an EFA of 2300 mz. Using an EFA of 6647 m2, we calculated minimum crab densities of 3.7 x 106 on the northcentral Gulf of Mexico fishing grounds. If we assume an EFA of 2300 mz for the total calculated fishing grounds (1200 km2), our estimate of population size would increase to 10.7 x lo6 crabs. An intermediate EFA of 3000 m2 would produce a population estimate of 8.1 x lo6 crabs. Based on these catch rates, the red crab in our calculated area could potentially support a small commercial fishery. Fishery development, however, must take into consideration the preponderance of females on the fshing grounds (M:F ratio 1:2.1) and the incidence of ovigerous females (-20%) during much of the year (Lockhart et al. 1990 and present study). In addition, data on recruitment to fishing grounds as well as information on critical life history parameters are necessary before fishery development is encouraged.
